Mucopolysaccharidoses (MPS) are severe inherited metabolic disorders from the group of lysosomal storage diseases. They are caused by deficiency in the activity of enzymes involved in the degradation of glycosaminoglycans (GAGs) and resultant accumulation of these compounds in the cells of patients. Although enzyme replacement therapy has become available for some MPS types (MPS I, MPS II and MPS VI), this treatment is not efficient when neurological symptoms occur, especially in MPS III (Sanfilippo disease). Recent studies indicated that substrate reduction therapy (SRT) may be an effective option for the treatment of neurodegenerative lysosomal storage diseases, including MPS III. However, previous attempts to SRT for MPS III focused on the use of non-specific inhibitors of GAG synthesis. Thus, we aimed to use the small interfering RNA (siRNA) procedure to control expression of particular genes, whose products are involved in GAG synthesis. In this report we show that, in MPS IIIA fibroblasts, we were able to reduce mRNA levels of four genes, XYLT1, XYLT2, GALTI and GALTII, whose products are involved in GAG synthesis. This decrease in levels of transcripts corresponded to a decrease in levels of proteins encoded by them. Moreover, efficiency of GAG production in these fibroblasts was considerably reduced after treatment of the cells with siRNA. These results indicate that efficient reduction of GAG synthesis may be achieved by the use of siRNA.
INTRODUCTION
Mucopolysaccharidoses (MPS) are inherited metabolic diseases caused by mutations in genes coding for enzymes involved in the degradation of glycosaminoglycans (GAGs). 1 Storage of GAGs in cells of patients suffering from MPS results in a progressive damage of the affected tissues, including the heart, respiratory system, bones, joints and, in some cases, the central nervous system (CNS). 1 The disease is usually fatal, with average expected life span of one or two decades. 1 Depending on the deficient enzyme, there are 11 types and subtypes of MPS. 1 Currently, enzyme replacement therapy (ERT), based on an intravenous infusion of an active, recombinant form of a deficient enzyme, is available for treatment of only three of them, MPS I, MPS II and MPS VI. 2 This therapy is helpful in managing many somatic symptoms. However, neurological symptoms developed because of GAG storage and secondary accumulation of gangliosides in the CNS cannot be managed by ERT owing to an inefficient delivery of proteins through the blood-brain barrier. The CNS dysfunction-related symptoms occur in some MPS I patients (subtype MPS IH), most of MPS II and MPS VII patients, and all MPS III patients, 1 in which they are especially severe.
Sanfilippo disease (MPS III) is a group of four conditions (MPS IIIA, B, C and D) showing similar clinical symptoms and characterized by lysosomal storage of heparan sulfate (HS), one of GAGs. 1 This condition is associated with severe learning difficulties and behavioral disturbances, and with milder somatic involvement relative to other MPS types. In most affected patients the progressive nature of the disease leads to death in the second (or rarely third) decade of life. 1 As this disorder primarily affects the CNS, most attempts to cure the patients have not been successful and the best that could be offered was palliative or symptomatic care.
Recent studies showed that reduction in the efficiency of substrate (GAG) synthesis by small molecules, either genistein (5, 7-dihydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-4-one) or rhodamine B ([9-(2-carboxyphenyl)-6-diethylamino-3-xanthenylidene]-diethylammonium chloride), has led to a substantial decrease in lysosomal storage in human and mouse cells. 3, 4 Moreover, treatment of MPS IIIA mice with rhodamine B resulted in a behavioral improvement, 5 and pilot clinical studies with the use of a genisteinrich extract for treatment of MPS IIIA and MPS IIIB human patients showed statistically significant improvement is all tested parameters, including cognitive functions. 6 The improvement in the CNS functions in both mice and humans treated with inhibitors of GAG synthesis (either rhodamine B or genistein) were proposed to be due to a possibility of crossing the blood-brain barrier by these small molecules, and indicated that impairment of substrate production may be an effective therapeutic option for patients suffering from neuronopathic forms of lysosomal storage diseases. 7 On the other hand, both genistein and rhodamine B are not specific inhibitors of GAG synthesis, and they have other biological functions. 8, 9 Therefore, we aimed to develop a method for specific inhibition of GAG synthesis.
The RNA interference (RNAi) is a mechanism for selective silencing of expression of a particular gene by specific degradation of corresponding mRNA. 10 The ability of synthetic small interfering RNA (siRNA) to silence genes in vivo, through the RNAi mechanism, has made them particularly well suited as drugs. 11 In fact, development of therapeutics using siRNA is being advanced rapidly, including efforts to construct new selective drugs for cancer, allergic diseases, viral infections, neurological diseases and others. 10 The major challenge in the development of real therapeutics based on siRNA seemed to consist of effective delivery of RNA molecules to the target tissue or organ. However, recent developments in this field provided a hope that this problem may be overcome. 12 In fact, there are examples of several different clinical trials with the use of siRNA as therapeutics, and more clinical studies are planned for the near future.
GAG chain formation involves the following events: (i) chain initiation by the transfer of xylose residue to certain serine in the core protein, (ii) assembly of the tetrasaccharide linkage region, (iii) elongation by alternate addition of D-glucuronic acid (GlcUA) and N-acetyl-D hexosamine (GlcNAc for HS or GalNAc for chondroitin sulfate (CS) and dermatan sulfate (DS)) units to the linker tetrasaccharide. Finally, there are multiple sulfation and epimerization steps along the GAG chains. 13 The assembly of CS/DS sulfate and HS/heparin GAG chains of proteoglycans (PGs) is initiated by the formation of a GlcA-b1,3-Galb1,3-Gal-b1,4-Xyl-b1-O-tetrasaccharide, which is linked to serine residues of a core protein. The assembly process involves the sequential transfer of monosaccharide residues from the corresponding nucleotide sugars starting at the reducing end. This step is initiated by b-D-xylosyltransferase (XYLT) that catalyzes transfer of a xylose (Xyl) to a serine residue. Two variants of O-xylosyltransferases (XYLT1 and XYLT2) are responsible for the initiation of GAG biosynthesis. XYLT1 and XYLT2 differ in terms of acceptor specificity and tissue distribution. In the next step, two galactose (Gal) residues are attached in reactions catalyzed by b1,4-galactosyltransferase 7 (GALTI) and b1,3-galactosyltransferase 6 (GALTII). GALTI (b4GALT7, a member of b1,4-galactosyltransferases family) catalyzes the transfer of galactose to the xylose residue (Galb1,4Xyl). GALTII (b3GALT6) catalyzes the formation of Galb1,3Gal linkage; therefore, it belongs to the family of b1,3-galactosyltransferases. The last step in the initiation process of GAG synthesis is catalyzed by the b1,3-glucuronosyltransferase (GLCATI), which transfers the glucuronic acid (GlcA) to the terminal Gal residue of the primer. 13 After completion of the synthesis of the linkage tetrasaccharide sequence, polymerization of disaccharide-repeating units occurs by the alternate transfer of GlcA and GalNAc (for CS/DS) or GlcA and GlcNAc (for HS/heparan). The transfer of GalNAc or GlcNAc to the linkage oligosaccharide, by the action of b1,4-N-acetylgalactosaminyltransferase I (GALNACT I) or EXTL2, is the first step for mature CS/DS or HS/heparin formation. The elongation of HS/heparin chains are mediated by EXT1 and EXT2 glycosyltransferases. The polymerization reactions of CS chains are carried out by chondroitinsynthesizing enzymes, chondroitin synthase-1 (CHSY-1), chondroitin synthase-2 (CHSY-2), chondroitin sulfate synthase-3 (CSS-3) and chondroitin GalNAc transferases 1 and 2. 13 The aim of this study was to impair the synthesis of GAGs by siRNA-mediated silencing of genes coding for enzymes involved in the initial steps of HS and DS synthesis. If successful, such a method could be potentially considered in the future for treatment of patients suffering from MPS, especially from those types for which no treatment is currently available and which involve the CNS dysfunction, such as MPS III (Sanfilippo disease).
MATERIALS AND METHODS

Cell cultures of MPS IIIA fibroblasts
Skin fibroblast lines were initiated from the forearm skin biopsies obtained from MPS IIIA patients. The patients were diagnosed with Sanfilippo A disease (MPS IIIA) on the basis of standard biochemical and enzymatic assays for levels of urinary GAGs and activity of lysosomal hydrolases. Fibroblasts were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS), antibiotic antimycotic solution (Sigma-Aldrich, St Louis, MO, USA) at 371C in a humidified atmosphere of 5% CO2.
Gene silencing with siRNA
Mucopolysaccharidoses IIIA cells were seeded into a 6-well tissue culture plate 24 h before transfection. Then, the cells were transfected with the siRNAs (25 nM of each) using the HiPerFect transfection reagent (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions. Pre-designed siRNAs (chemically synthesized siRNAs that were designed for maximum potency and specificity by using an in silico algorithm) for the human XYLT1 gene (siRNA ID# 112165; 5¢-GCAUCAUGCUACCAAUCUGtt-3¢ (sense) and 5¢-CAGAUUGGUAGCAUGAUGCtt-3¢ (antisense), siRNA ID# 29873; 5¢-GGA UGGCUACUUUUCUCAUtt-3¢ (sense) and 5¢-AUGAGAAAAGUAGCCAUC Ctg-3¢ (antisense)), XYLT2 gene (siRNA ID# 112168; 5¢-CCUGUAUUUCUAU GACGACtt-3¢ (sense) and 5¢-GUCGUCAUAGAAAUACAGGtg-3¢ (antisense), siRNA ID# 212974; 5¢-CGAGCAGCACUUCUUUUACtt-3¢ (sense) and 5¢-GUA AAAGAAGUGCUGCUCGtg-3¢ (antisense)), GALTI (B4GALT7) gene (siRNA ID# 19329; 5¢-GGAGCUGGACUAUGGCUUUtt-3¢ (sense) and 5¢-AAAGCCAU AGUCCAGCUCCtc-3¢ (antisense) , siRNA ID# 111770; 5¢-GCAACAGCACGG ACUACAUtt-3¢ (sense) and AUGUAGUCCGUGCUGUUGCtg-3¢ (antisense)) and GALTII (B3GALT6) gene (siRNA ID# 112321; 5¢-GGAAAGACUUUUAUG UCAGtt-3¢ (sense) and 5¢-CUGACAUAAAAGUCUUUCCtt-3¢ (antisense), siRNA ID# 112322; 5¢-CCCAUUGUUUCUUUCUGAAtt-3¢ (sense) and 5¢-UU CAGAAAGAAACAAUGGGtt-3¢ (antisense)) were purchased from Applied Biosystems/Ambion (Austin, TX, USA). AllStars Negative Control siRNA (Qiagen GmbH) served as a control for all siRNA transfections and mock control indicates the use of the transfection reagent only. Stability of siRNA was tested by treating the cells with labeled (fluorescent) oligonucleotide, noncomplementary to any human gene (negative control), for 4, 24, 48 and 72 h, and measuring the fluorescence. The fluorescence level was stable for 48 h and decreased by about 30% at 72 h. The efficiency of transfection was estimated, and we found that the optimal siRNA concentration was 25 nM, with the range of effective transfection at concentrations between 10 and 50 nM. The expression level of XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) genes was analyzed by quantitative real-time PCR at 48 h after transfection. In some experiments, a second transfection was carried out at this time, and cells were cultured for next the 24 h before the analysis.
Quantitative real-time PCR
To examine siRNA-mediated knockdown of GALTI (B4GALT7) and GALTII (B3GALT6) expression, cDNA was prepared from transfected cells using the FastLane Cell cDNA kit (Qiagen GmbH), according to the manufacturer's instructions. To examine siRNA-mediated knockdown of XYLT1 and XYLT2 expression, total RNA was isolated from transfected cells using High Pure RNA Isolation Kit (Roche Applied Science, Indianapolis, IN, USA) according to the manufacturer's instructions. Total RNA (1 mg) was reverse transcribed into cDNA using Transcriptor First Strand cDNA Synthesis Kit (Roche Applied Science) according to the manufacturer's instructions. Quantification of mRNA expression was carried out using LightCycler FastStart DNA Master SYBR Green I (Roche Applied Science) with the LightCycler detection system (Roche Applied Science). Primers used for specific amplification of the target genes were as follows: RT 2 qPCR Primer Assay for Human XYLT1 and XYLT2 (SABiosciences, Frederick, MD, USA), and QuantiTect Primer Assays for Human GALTI (B4GALT7), GALTII (B3GALT6) and GAPDH (Qiagen GmbH). The parameters of real-time PCR amplification were as follows: 15 min at 951C, 45 cycles for 10 s at 951C, 5 s at 551C and 10 s at 721C. The 2 ÀDDct Impairment of glycosaminoglycan synthesis in mucopolysaccharidosis type IIIA cells D Dziedzic et al method was used to determine the relative gene transcript levels after normalization to the reference gene coding for glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 14 
Estimation of GAG synthesis efficiency
GAG synthesis was monitored by measuring incorporation of 35 S from a radioactive sodium sulfate into PG. MPS IIIA cells, in passages from 2 to 4, were plated in a 24-well tissue culture plate at 24 h before transfection in DMEM, 10% FBS, at 371C in a humidified atmosphere of 5% CO 2 . Then, the cells were transfected with the siRNAs (25 nM of each) using the HiPerFect transfection reagent (Qiagen GmbH) according to the manufacturer's protocol. The transfection was repeated after 48 h, and the cells were labeled with [ 35 S]sodium sulfate (20 mCi/ml) for 24 h in DMEM, 10% FBS, at 371C in a humidified atmosphere of 5% CO 2 . After this incubation, the cells were washed four times with Dulbecco's phosphate-buffered saline (PBS) and were subjected to papain digestion (0.03% papain in 0.1 M sodium acetate, pH 7.0). To evaluate [ 35 S]sulfate incorporation, radioactivity of a portion (0.1 ml) of the sample was measured in a scintillation counter. Values of [ 35 S]sulfate incorporation were normalized to the DNA content, measured spectrophotometrically using PicoGreen dsDNA Quantitation (Molecular Probes-Invitrogen, Carlsbad, CA, USA).
SDS-polyacrylamide gel electrophoresis and western blot analyses
Mucopolysaccharidoses IIIA cells were seeded into 6-well tissue cultured plates. After 24 h, the cells were transfected as described above. The cells were incubated for 48-72 h before western blotting analysis. After incubation, the cells were harvested by scraping in PBS, and protein lysates from cells were prepared in the lysis buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% TX-100, 0.5% sodium deoxycholate and 0.1% SDS), supplemented with protease inhibitor cocktail and phosphatase inhibitor cocktail (Roche Applied Science). In all, 60 mg of each sample were separated in a 4-10% polyacrylamide gel (MP Biomedicals, Solon, OH, USA) and transferred onto Immobilon-FL Transfer membrane (Millipore Corporation, Bedford, MA, USA). After the blocking reaction with TBS containing 5% nonfat dried milk and 0.1% Tween 20, for 90 min at room temperature, membranes were incubated with the following primary antibodies: rabbit polyclonal antibodies anti-B4GALT7 (Proteintech Group, Inc. Chicago, IL, USA), rabbit polyclonal antibodies anti-XYLT1 (Atlas Antibodies AB, Stockholm, Sweden), rabbit polyclonal antibodies anti-XYLT2 (Atlas Antibodies AB), mouse monoclonal antibodies anti-B3GALT6 (M06), clone 3E5 (Abnova, Taipei, Taiwan). The incubation was conducted at room temperature for 90 min or overnight at 41C, and the following secondary antibodies, conjugated to horseradish peroxidase, were added: goat anti-rabbit IgG (Sigma-Aldrich) or goat anti-mouse IgG (H&L) (Abnova, Taipei, Taiwan). After incubation for 90 min at room temperature, membranes were developed with Western Lighting chemiluminescence reagent Plus (PerkinElmer Life Sciences, Waltham, MA, USA). The same blots were incubated with monoclonal anti-GAPDH-peroxidase antibodies (Sigma-Aldrich) to control protein load.
Statistical analysis
Comparison of data presented as mean ± SE was carried out by Student's t-test (unpaired). Percent reduction of individual protein expression was measured by densitometric analysis and is presented as a mean of three independent experiments. Po0.05 was considered significant, and Po0.001 was considered highly significant.
RESULTS
siRNA-mediated decrease in mRNA levels
Mucopolysaccharidoses IIIA fibroblasts were cultured in vitro, and treated with either control siRNA (AllStars Negative Control siRNA, from Qiagen), which should not silence any human genes, or siRNAs specific for XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) genes. Following 48-h incubation after cell transfection, levels of mRNAs were quantified by real-time PCR and estimated relative to the GAPDH mRNA level (used as an internal standard).
We found that siRNAs, specific for certain genes, caused a significant decrease in the mRNA levels of genes, XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6), respectively ( Figure 1) . In all cases, two different siRNAs were effective in mRNA depletion and their efficiency was quite similar. Generally, mRNA amounts in cells treated with siRNAs were at the level of 20-40% of that measured in control samples, although siRNAs specific for GALTI (B4GALT7) were the most effective (Figure 1) . These results indicate that by using the pre-designed siRNAs from Applied Biosystem/Ambion, we were able to downregulate the expression of human XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) genes at the level of mRNA amount. 
Protein levels in siRNA-treated cells
The obvious question that must be asked in experiments with gene silencing by using siRNA is whether a decrease in mRNA level causes also a significant decrease in the amount of corresponding protein.
The efficiency of protein synthesis may depend on various factors, such as efficiency of translation, protein stability and others. Therefore, we measured the levels of XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) proteins in cells transfected with siRNAs dedicated to silence corresponding genes. After protein isolation from tested cell cultures, amounts of proteins were estimated by western blotting, using specific antibodies for each protein, and the results were calculated relative to GAPDH level, which should be theoretically constant under these experimental conditions (in fact, differences in GAPDH levels were small, if any, in all experiments).
We found that levels of XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) proteins (estimated by western blotting) decreased significantly in cells treated with siRNAs specific for corresponding genes (Figure 2 ). The blots were quantified densitometrically, and the results indicated that protein levels dropped, depending on the protein, from 30 to 87% relative to the negative control (Figure 3) . Therefore, we conclude that these siRNAs cause not only a decrease in the mRNA levels, but also impair syntheses of enzymes involved in the first stages of GAG production.
Effects of gene silencing on GAG synthesis
As the aim of this study was to impair GAG synthesis by depleting enzymes involved in this process after transfection of cells with specific siRNAs, we have measured incorporation of siRNA-transfected MPS III fibroblasts. The results were normalized to the DNA content, which was assumed to be constant in normally growing cells. We found that transfection of the cells with siRNAs specific for genes coding for XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) proteins resulted in considerable impairment in GAG synthesis (Figure 4) . Therefore, we conclude that by using siRNA that cause silencing of genes coding for proteins involved in the first stages of GAG synthesis, it is possible to reduce the efficiency of the latter process significantly.
DISCUSSION
Although treatment of somatic symptoms of the three MPS types (MPS I, MPS II and MPS VI) by ERT has been established and introduced to medical practice, 2 there is still a lack of efficient and approved treatment for the neuronopathic forms of MPS and other LSD. 12 Sanfilippo disease (MPS III) is a special case of MPS as this disease manifests mostly by severe neurological symptoms, which currently cannot be managed, apart from a palliative care. 1 Recent studies indicated that reduction of the substrate (GAG, or more precisely HS) synthesis may provide a way for treatment of MPS III patients. 7 GAG synthesis could be reduced by the use of either genistein 3 or rhodamine B, 4, 5 compounds that were effective, but which have also other biological functions. Therefore, it seemed reasonable to look for a more specific method for reduction of GAG synthesis efficiency.
In this report, we show that siRNA-mediated silencing of genes coding for XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) enzymes resulted in a decrease in the levels of the gene products and impairment of GAG synthesis in transfected cells. It is worth noting that reductions in the levels of mRNAs, proteins and GAG synthesis were obtained in the experiments conducted, due to technical and methodological reasons, for relatively short times (48-72 h). This seems to be promising in the light of positive effects observed in in vitro studies, 3, 4 in experiments on animals 5 and in human clinical studies, 6 when GAG production was decreased only a few times by prolonged treatment with either rhodamine B 4,5 or genistein. 3, 6 The efficiency of GAG synthesis reduction determined in this study was efficient under conditions of partial silencing of any gene coding for an enzyme involved in the first stages of GAG production ( Figure 3) . Generally, more efficient reduction in the level of mRNA and particular protein corresponded to less effective GAG synthesis, which can be exemplified in experiments with silencing of GALTI (B4GALT7); the use of specific siRNAs resulted in the most effective decrease in the mRNA level, the protein level and GAG synthesis among all the tested genes and their products (Figures 1-4) .
The main problem with the treatment of MPS III and other neuronopathic MSP types and LSDs is delivery of the specific drugs to the CNS, especially to the brain. This problem also concerns potential treatments with the use of the siRNA methodology. Moreover, for the use of any therapy based on RNA, one must consider a low stability of this nucleic acid in vivo. Nevertheless, recent achievements in the field of the use of this method in medicine are encouraging, and it seems that effective treatment of neurological diseases with siRNA-based drugs may be real in the near future. 12, 15 In the accompanying paper, Kaidonis et al 16 showed an effective RNAi-mediated silencing of EXTL2 and EXTL3 genes, whose products operate in the stages of HS synthesis downstream to those catalyzed by XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) enzymes. Impaired expression of EXTL2 and EXTL3 caused a reduction of GAG synthesis. 16 These results corroborate our conclusions presented above.
If one considers the reduction in expression of gene(s) coding for enzyme(s) involved in HS synthesis as a therapeutic option for neuronopathic forms of MPS, it would be necessary to chose appropriate target(s) to avoid serious side effects. In fact, it was reported that mutations in exostosin 1 (EXT1), exostosin 2 (EXT2), [17] [18] [19] N-deacetylase/N-sulfotransferase 1 (NDST1), N-deacetylase/N-sulfotransferase 2 (NDST2), [20] [21] [22] heparan sulfate 2-O-sulfotransferase (HS2ST), heparan sulfate 3-O-sulfotransferase-1 (HS3ST1), [23] [24] [25] [26] heparan sulfate 6-O-sulfotransferase-1 (HS6ST1) 27 and heparan sulfate C5 epimerase (GLCE) 28 genes caused serious defects in mice and/or humans. Therefore, a significant decrease in expression of one of these genes might be potentially dangerous for patients. To our knowledge, no reports indicating serious medical problems caused by dysfunction of genes coding for XYLT1, XYLT2, GALTI (B4GALT7) and GALTII (B3GALT6) were published to date. In this light, these genes might serve as attractive targets for a putative siRNA-mediated therapy of MPS. Furthermore, the corresponding enzymes catalyze the first steps in HS synthesis, thus, such a putative therapy might be potentially effective.
It is clear that further in vivo studies on animal (most probably mouse) models should be carried out before one can consider the siRNA-mediated treatment as a therapy for MPS. If such studies are planned, we assume that the doses and frequencies of siRNA application should be similar to those used in the experiments that are already conducted with mouse models of other diseases, for example, three injections of 50 ml of 2mg/ml siRNA solution spaced over 1 week, 29 single injection of 20-100 mg of siRNAs in 200 ml of the mixture, 30 or three injections of 50 mg siRNA dissolved in 1 ml PBS in the intervals of 8 and 16 h. 31 The question remains how the reduction of HS synthesis may influence clinical symptoms of MPS patients. This question may be Fibroblasts were transfected with indicated siRNAs, and after 48 h cultivation the transfection was repeated and cultivation was prolonged for another 24 h. GAG synthesis was estimated by measuring the incorporation of 35 3, 32 The amounts of this compound administered to achieve similar levels in MPS III patients' plasma resulted in the improvement in all tested parameters, including cognitive functions, during an open-label pilot clinical study. 6,7 Therefore, we speculate that levels of the decrease in HS synthesis reported here (Figure 4) are encouraging in the light of possible further in vivo studies.
